INTRODUCTION
Being in a temperate climatic zone, Turkey is rich in mushroom diversity because of its unique geomorphology, topography and climate. (Kuo, 2016) H. erinaceus is certainly rare in nature (Moril et al., 2008) It is red-listed in 13 of the 23 European countries because its natural habitats are beginning to disappear (Govaerts et al., 2011) . All members of the genus produce white fruiting bodies covered in downward cascading spines. Fruitbodies of all Hericium spp. look like a mass of icicle and can be identified by its long spines that rise from a white central. Fleshy is changed from white to off-white (Kuo, 2016) Hericium spp. are delicious with a subtle citrus-floral flavor and a musky delicate smell (Imtiaj et al., 2008) . It is important not only for its nutrition and taste, but also for its medical value .Then, H. erinaceus is one of the most popular species among the cultivated mushrooms for commercial production. The traditional methods for the identification of mushrooms are problematical. Commercial species and strains of Hericium are classified based on the morphological characters. But morphological characters tend to be influenced by environmental factors in mushrooms. When environmental factorsare combinated with close genetic relation between the isolates make their identification difficult and sometimes impossible. Molecular markers are plentiful, independent of tissue or environmental effects, and allow cultivar identification in the early stages of development (Esposito et al., 2007). These features make them useful complements to morphological and phenological characters. PCR-based markers that require for relatively a small amount of template genomic DNA to reveal polymorphism at DNA level are very useful tools for characterization and genetic diversity estimation. A PCR-based method for detecting Hericium species using ribosomal internal transcribed spacer (ITS) sequences has been reported by )have been exploited in assessing the genetic diversity among cultivars and strains in several edible and medicinal fungi. However, to the best of our knowledge, there is no study about using these molecular markers on determination of the molecular systematics of Hericium spp. For the reason, in the study, concerning the genotyping of 8 isolates of Hericium, the genetic variability was investigated using ISSR, SRAP and combined ISSR and SRAP tecniques. The dendrograms indicated a clear pattern of clustering and the 8 Hericium isolates showed significant differences suggesting that they were far to each other in genetic relation. These results demonstrated that both methods were highly effective for discriminating among species and strains of Hericium. Finally, to our knowledge, this is the first application of ISSR and SRAP markers on the systematics of Hericium isolates and these findings would benefit future research in Hericium spp.
MATERIAL AND METHODS

Mushroom strains
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DNA extraction
Genomic DNA was extracted from dry fruitbodies according to the modified SDS (sodium dodecyl sulfate) method ( O'Donnel et al., 1998)and the quality confirmed by 1.0% (w/v) agarose gel elektrophoresis at 100V. The concentration of DNA was determined with the Quantity One software (Bio-Rad). Samples were diluated to 50 ng µl -1 and stored at -20 o C for for PCR amplification.
ISSR analysis
Fifteen ISSR primers were selected based on our own preliminary works to generate data for analysis in this study (Table 2) . ISSR amplification was carried out using a Eppendorf Thermal cycle in 25 µl reaction mixture contained 2.5 µl 10 X PCR buffer, 1 µM primers, 400 µM dNTPs, 2.5 mo1 MgCl2, 1U Taq DNA polymerase and 50 ng µl -1 template DNA. Using ISSR primers and their annealing temperatures ( o C) were summerized in Table 2 The PCR products were separated on a 2.5% agarose gels in 1x TAE buffer (40 mM Tris-Acetate, 1 mM EDTA, pH:8.0) running at 70 V constant voltage for 2.5 h, then stained with 0.5 μg/ml ethidium bromide (EtBr) and photographed under UV. To confirm the reproducibility of the banding patterns, the PCR experiments were repeated twice.
SRAP analysis
18 SRAP primer pairs were employed using 10 forward primers and 10 reverse primers (Table 3) . Sixteen SRAP primer combinations were selected for SRAP analysis. The SRAP-PCR reaction mixture with a total volume of 25 µl consisted 2.5 µl 10 X PCR buffer, 250 µM dNTPs, 2.5 mo1 MgCl2, 1 U of Taq polymerase, 50 ng each primer and 50 ng µl 
Data analysis
Reproducible bands from individual marker systems were scored as present "1" and absent "0" which were compiled as a binary matrix. Only those bands amplified consistently were considered. The results were then converted to a similarity matrix, and a dendrogram was constructed using the Unweighted PairGroup Method with Arithmetic Mean (UPGMA) (Sneath and Sokal, 1973) with the Numerical Taxonomy and Multiware Analysis System software, version 2.0 (Rohlf, 1992). 
RESULTS
In total, 15 ISSR and 16 SRAP primer pairs gave reproducible results that were further considered for data analysis. Table 4 and 5shows the total number of bands and the percentage of polymorphisms for each primer or primer pair.
ISSR analysis
150 polymorphic bands make it possible for a researcher to reliably estimate genetic similarities among genotypes within the same species (Pejic et al., 1998) . In the study, fifteen ISSR primers amplified a total of 154 scorable bands (Table  4) , of which 151 were polymorphic and accounted for 97.4%.
The number of polymorphic bands detected with each primer ranged from 5 (GA8)A to 18 (AG)8G, with an average of 10.3. Figure 1 represents the extent of polymorphism observed among the eight isolates as revealed by ISSR1 Figure 1 Representative ISSR amplification profile using ISSR1
The genetic similarity derived from the data of ISSR marker analysis varied from 0.039 between to 0.262. The co-phenetic correlation for the ISSR dendogram was estimated at 0.85. Figure 2 shows the dendrogram based on the ISSR data. UPGMA grouped the 8 isolates into three main clusters at a similarity index value of 0.07.
Figure 2 UPGMA dendogram based on data from ISSR analysis of 8 Hericium isolates
Cluster I comprised 3 isolates that were subdivided into two sub-clusters. Subcluster 1 comprised 2 genotypes, with HE-Ankara and HE-Trabzon (with a 0.13 similarity coefficient) while sub-cluster 2 comprised only one isolate, HE. Cluster II consisted of 4 isolates that were subdivided into two sub-clusters. Sub-cluster 1 comprised 3 genotypes, HE-İzmit, HCand HE-America, while sub-cluster 2 comprised only one isolate, HE-Denizli. Cluster III consisted of single isolate H. americanum.
SRAP analysis
A total of 100 different combinations of primers were employed using 10 forward and 10 reverse primers and 16 combinations were chosen in the following analysis. A total of 164 bands were scored and of which 156 were polymorphic ( Table 5 ). The extent of polymorphism revealed by the me1-em3 primer is as shown in Figure 3 .
Figure 3
Representative SRAP amplification profile using me1-em3
Percentage polymorphism ranged from 72.7% to a maximum of 100% . The number of bands varied from 7 (me5-em7) to 22 (me1-em3), with an average of 9.75 polymorphic fragments per primer. Genetic similarities among the 8 isolates ranged from 0.056 to 0.762 and the co-phenetic corelation fort he SRAP dendogram was estimated at 0.96. Figure 4 shows the dendrogram based on the SRAP data. The genetic similarity derived from the data of SRAP marker analysis varied from 0.056 to 0.762. The UPGMA clustering algorithm from SRAP analysis grouped the isolates into three major clusters (Figure 4 ). 
Combined ISSR and SRAP analysis
Analysis of combined ISSR and SRAP data shows genetic similarities among all the 8 isolates ranged from 0.110 to 0.679 ( Figure 5 ).
Figure 5 UPGMA dendogram based on data from combinated ISSR and SRAP analysis of 8 Hericium isolates
The cophenetic correlation for combinated SRAP-ISSR dendogram was estimated 0.94. The dendrogram of SRAP showed higher similarity to that of the combined data set than to those of ISSR. UPGMA grouped the 8 genotypes into three main clusters. Cluster I comprised 5 isolates that were delineated into two sub-clusters. Sub-cluster I comprised 2 genotypes, HE-Ankara and HETrabzon(with a 0.58 similarity coefficient), while sub-cluster II comprised 3 genotypes, HE-İzmit, HC and HE-America. It is appeared that HE-İzmit and HC has closest relation genetically between all of Hericium isolates. Cluster II consisted of two isolate HE and HE-Denizli. However, Cluster III consisted of single isolate H. americanumthat appeared to be distinct from all the other species.
Morphologically, H. americanum alsodiffered from other Hericium isolates ( Figure 6 ). However, morfological evidences indicated that H. coralloides and H. erinaceus isolates had similar morphologies and size (data not shown).
Figure 6 Fruiting bodies of Hericium spp
DISCUSSION
Information about the genetic diversity of mushrooms is critical for designing optimal breeding strategies and obtaining a continuous breeding progress. In this study, two markers ISSR, SRAP and combinationed ISSR and SRAP were simultaneously used to investigate genetic diversity of 8 isolates of (2006) reported that the genetic similarity seems to have no relation to the geographical factor, the high ratio of polimorphism in the study may be relate different geographical factors and genetic backround of Hericium isolates.In the present study, compared with ISSR and SRAP data, it can be found that the avarage polymorphic band produced by ISSR primers ( 10.1) are more than those produced by SRAP primer pairs (9.75) , although the number of total band produced by SRAP primer pairs were more than that of ISSR. Tang ., 2010) . In our study, individually, the ISSR and SRAP marker systems showed a high correlation with the combined data sets. The similar structure of dendrogram also suggests that both techniques are suitable for genetic polymorphism research on fungi. Significant genetic variations within Hericium isolates tested in the present study were observed, and this would be useful for the selection of core collections for the purpose of crossbreeding or germplasm conservation.
CONCLUSION
To conclude, the results of the present study show that the SRAP and ISSR technique is an effective and reliable additional method for analyzing the genetic relationship and similarities among Hericium isolates. Morever, the study provided valuable information for potential applications of these two marker systems in molecular breeding of Hericium species. Morever, the study provided valuable information for potential applications of these two marker systems in molecular breeding of Hericium species.
